Linear spectra were calculated according to the method presented by Jansen and Knoester 1 for 2D spectra calculation, where the following exciton Hamiltonian for N oscillators was used:
The time dependent Schrödinger equation was solved numerically using a local mode basis set. We assumed that at time t = 0 each excitation state, φ, was localized on a local mode
where |0 was the ground state for exciton i, and at time t it evolved into Φ i (t), a linear combination of local modes
Following insertion into the time dependent Schrödinger equation, the expansion coefficients c ij can be represented in matrix form
Assuming that Hamiltonian was constant during small time increments, ∆t, we numerically integrated the above equation, introduced time evolution operator U, and after n integration steps obtained c ((n + 1)∆t) = e − i H(n∆t)∆t c(n∆t) = U ((n + 1)∆t, n∆t) c(n∆t)
Time evolution operator U(n∆t, 0), used later in the calculation of spectra, was calculated as a time-ordered operation on all time evolution operators U((m + 1)∆t, m∆t) as
Finally, the linear spectra were calculated as the Fourier transform of the correlation function of the transition dipole moments with the phenomenologically added term e −t/2T 1 to account for the vibrational lifetime:
where T 1 is the lifetime of the singly excited states.
For systems with only one oscillator like NMA, Eq. 7 simplifies to
A slightly different approach to calculation of linear spectra was presented by Torii 2 and by Gorbunov et al. 3 A drawback of that method is the necessity of recovering the order of oscillators after Hamiltonian diagonalization, which in the case of proteins studied in the present paper was not feasible for all data gathered from molecular dynamics simulations. In the method presented by Jansen and Knoester 1 and applied in the presented paper, the problem of ordering oscillators was avoided in the following way: (1) Fitting procedure
The fitting procedure followed the following protocol. Initially the fit contained 25 parameters, 12 for electric field components (A, B, C, D, F, G, H, J, K, L, M, N), 12 for van der Waals
, and one for the intercept (ω 0 ). For each type of solvent, using force components E i (t) for i running through all 24 components, the instantaneous frequency was calculated as
The position of the peak was calculated as
Hz while the full width at half maximum, Γ, was computed from the following expression We employed mean values and Γ, rather than higher order moments, due to fact that experimental curves are Lorentzian functions (not Gaussian functions), and moments for such functions are indeterminate. Moreover, approaches that approximate moments by narrowing the range of the argument lead to results that strongly depend on the chosen range. 
